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Technology (digital or otherwise) is a great enabler; it bridges gaps 
and opens doors and, in the process, alters the reality within which 
it and its users exist.  As technology aimed at non-human animals 
is becoming commonplace, questions about its efficacy and the 
ethical implications of its use are becoming ever more pertinent. To 
explore these issues, we conducted a workshop in which 
speculative design was used as a means of debating ways through 
which play, a widespread phenomenon across animal species, can 
be used as a tool for enabling interspecies communication. We 
describe the context for this discussion, the methods used, and 
present a set of speculative designs that illustrate aspects of ethics, 
equality, and appropriate play in order to provoke further reflection 
and discussion. 
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1 Introduction  
Technology aimed at non-human animals is becoming 
commonplace, heightening the discussion around the ethics and 
other implications of designing such systems. In this paper, we 
focus on the design of playful systems because play, in all its 
contexts and across species, is widely recognised as a voluntary 
behaviour with intrinsic reward [27, 67, 23]. Between participants, 
play becomes a vehicle for expression. It is therefore a phenomenon 
that enables friendly communication across species, transcending 
language through its reliance on a common understanding of rules 
and non-verbal signals.   
Interspecies play is manifest in human relationships with 
domesticated dogs, where it is evidence of a mutual ability to read 
each other’s signals [34, 73]. Play also occurs between humans and 
other domesticated species, such as cats [55]and horses [65], while 
playful experiences have been observed between various non-
human species, including primates [74], dogs with horses [46] and 
dolphins with whales [16].   As noted in our earlier work [23]: 
 




‘Social play is therefore an important aspect of communication not 
only within species, but also creates opportunities to encourage 
and enhance interspecies communication … and fosters a deeper 
understanding of the play partner’s intentions, reactions, and 
behaviour.’ Thus, we propose that playful technology has the 
potential to facilitate an exchange of signals between species, by 
acting as mediating device, facilitator or participant (interlocutor). 
Interaction with technology has been described as having a 
metaphorical conversation with a system via an interface [78] 
[3,59]. This terminology for conversation is used because the 
system reacts to user input and provides feedback that the user 
perceives; in turn, this offers the user an opportunity to react to the 
system, and so forth. Although adaptive systems and interfaces 
might use algorithms to modify their responses to users, 
conceptually all computer systems originate from human designers, 
who seek to understand how their users communicate, as well as 
their cognitive and physical capabilities. It could therefore be 
argued that the human designers are also part of the conversation, 
because they have defined how the system will respond. We 
therefore seek to analyse the systems we design for animals, in 
order to reflect on the nature of the conversations we stimulate. 
Devices for non-human animals either pick up signals that can 
be interpreted as having underlying meaning relating to the 
animal’s health, state of mind and intention (physical, 
psychological, emotional, cognitive) or deliver signals that 
facilitate communication between the animal and a system or 
another living being.  Sometimes, the animal’s interaction is 
intentional, and the ensuing conversation can be dynamic; at other 
times, the animal may not be aware of perceiving or sending 
signals, nor of the device that is tracking or responding to its user. 
As noted by North [61], humans can only speculate about where 
non-human animal perception falls within the spectrum of 
awareness. In this context, several issues have been raised 
regarding the ethical consequences of the systems being used [48, 
49]. These have included disruptions to usual behaviour [85], 
questions of who has power and control [44,11], long-term effects 
[82,28], privacy [39] and potential dependency [13]. 
Human Computer Interaction (HCI) has focused on the needs of 
humans as they are the core user base of any technology. In 
consequence, frameworks have been developed to support 
designers in creating computer systems. These may relate to the 
psychology of interaction design, aesthetic features, functionality, 
ergonomics, or ethics. By contrast, designers of systems for non-
human animals have fewer guidelines. These designers work in 
diverse ethnographies, have wide-ranging objectives, come from 
multidisciplinary backgrounds and typically have many different 
perspectives. Designers also may have a range of goals, such as 
animal welfare, human interest, or a combination of both. 
The Animal-Computer Interaction (ACI) community deeply 
invests in design work that enriches the lives of animals, as well as 
enlightening the humans who do the ideation and associated craft. 
To this end, we ran a one-day workshop during the ACI’2020 
conference [23] to explore how ethics and power dynamics are 
manifest in the technological systems we design for non-human 
animals, particularly in regard to playful concepts that enable or 
facilitate interspecies communication.  Ultimately, our goal was to 
investigate the challenges and opportunities associated with 
designing such technology, thereby revealing the underlying ethical 
questions. By bringing these into focus in this paper, we hope to 
share our ideas with future designers and shape the discussion 
moving forward.  
2 Context and Motivation 
Humans have long been fascinated by the idea of speaking with 
other animal species. Between the 1950s and 1980s, psychologists 
ventured into multi-year projects to train various great ape species 
to learn and use human verbal [29], sign [25], and symbolic 
languages [77]. However, at that time the interest was primarily 
about discovering the evolutionary basis of human language and 
cognition through the comparison with other primates’ brains. 
Hence, early attempts at human-animal communication had a 
human-centred focus that failed to understand animals’ species-
specific traits.  
However, the quest to communicate with animals has not halted 
and has assumed more interactional connotations [39]. Research 
with companion animals, especially dogs, has taken an interest in 
understanding animals’ thoughts and behaviour, in order to prevent 
or correct interspecific misunderstanding and strengthen human-
pet bonding. Human-animal communication research has 
subsequently shifted direction from animal-utterance projects and 
the imposition of human languages towards a more respectful 
engagement with non-human animals, one that recognises the 
animals’ species communication uniqueness, perspective, and 
capabilities. Across the animal kingdom, body postures, visual, 
acoustic, and chemical signals are widespread modalities of both 
intra- and interspecific communication which evolved in social and 
agonistic contexts. For example, African wild dogs (Lycaon pictus) 
produce a wide variety of vocalisations that serve various pack 
dynamics functions such as greeting each other, displaying distress 
and submission, seeking contact, and playing [72]. In hunting 
situations, studies suggest that wild dogs can also recognise 
Thomson’s gazelles’ ability to outrun them. This is done by dogs 
interpreting gazelles’ stotting behaviour (i.e. bounding high in the 
air while running), which the gazelles typically use to convey their 
stamina and therefore discourage predators from chasing them [21]. 
Investigating these ways of communication within the same and 
across diverse species is one of the gateways for understanding, 
managing, and even enhancing encounters in human-made settings, 
where domesticated, captive, wild urban and human animals meet. 
To this end, automated systems can be helpful. For example, eye-
tracking technology has been used to monitor gaze of rhesus 
macaques while watching social videos (of conspecifics) and non-
social videos (nature documentaries) to see what they were more 
interested in [7]. The researchers found that the macaques looked 
longer at the social videos than at the non-social ones. This 
technology could be used further to check what specific social 
interaction was of interest and what type of communication was 
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supporting it. An example of technology supporting research into 
cognition and modes of expression is the program at Lincoln Park 
Zoo where scientists installed touchscreens for chimpanzees and 
Western-lowland gorillas to give them choices and some control 
over their environment [19]. As a result, researchers were able to 
better understand the primates’ cognitive abilities and assess and 
improve their welfare. In addition, zoo visitors were allowed to 
observe the animal-touchscreen interactions and ask questions, thus 
supporting the zoo’s educational goals. Touchscreen computers 
have proved to be a popular technology, widely used with a variety 
of captive non-human animals in zoos and wildlife centres - 
examples include grey parrots [68], black bears [83] and tortoises 
[57]. They have also been deployed in research facilities to test 
cognitive abilities and prosocial behaviours - examples include 
keas [62], pigeons [36], kune kune pigs [86], and wolves [14]. 
Meanwhile, ACI scholars have embarked on the unique 
challenge of creating human-animal relational interactions by 
designing technology-mediated interfaces that are ethically and 
cognitively appropriate for both interactors. For example, Pons [70] 
proposed a remote playful environment where hospitalised children 
and in-daycare-facility dogs could interact by means of a mobile 
application controlling a robotic ball, therefore providing physical 
and mental stimulation to both players, even though we note the 
dogs had no control over the system. North [60] developed human-
wearable robotic horse ears to explore the possibility of using them 
to express intentions and emotions to real horses. Ko et al. [40] 
designed an interactive tank enabling fish-keepers to deliver 
positive stimuli to guppies through the generation of bubbles into 
the aquarium, therefore increasing people's sense of caring and 
fostering bonding with fish pets. However, as most of these 
examples demonstrate, often only the human is in control of the 
system.  
To explore interspecies communication further from an ethical 
perspective required an imaginative leap into an impersonal future, 
rather than a critique of established practice.  Prior work has 
suggested that speculative design is useful both to ACI [61,45, 32] 
and within the context of playful systems [23]. We therefore 
concluded that playful systems would be the most suitable vehicles 
for a speculative design challenge since play offers a universal open 
gateway for engagement and interaction. The improvisation and joy 
associated with play [9] are easy to recognize but hard to define. 
However, most researchers agree that social, object or locomotor 
play [4, 8, 77] is an activity that is practiced for the thrill of the 
experience, without an obvious function or immediate benefit to the 
player [6]. Thus, play fighting which may appear aggressive and 
competitive does not involve the injury or loss of social status 
associated with contests; players have agency, they choose to 
become involved and the stronger player may self-handicap so that 
the game can continue [69]. There is clearly an intrinsic reward for 
playing. A cat who plays with a rat, allowing it to get away before 
catching it again, sees its prey during play as a toy, rather than as 
food to be eaten; this is an example of both object and locomotor 
play, but not social play, since the rat has not agreed to participate.   
Since inter- and intraspecies play requires a shared 
understanding of the situation, including the transmission of signals 
that indicate willingness and trust, the design of such systems 
became one of the first exercises in the workshop, described in the 
Method section that follows.  
3 Method 
The virtual workshop at ACI’2020, ‘Designing Technologies 
for Playful Interspecies Communication’, comprised twelve 
participants who had familiarity with animals and experience 
building ACI technologies. Using the World Cafè method [87], 
which has previously shown to be viable in ACI contexts [32], 
participants were tasked with creating speculative designs, to elicit 
reflection and provoke engagement with the theme. The Miro board 
included a set of animal cards (face-down), from which participants 
randomly picked two species for group ideation on future playful 
scenarios. This aspect of the workshop was framed by considering 
the following questions: 
 
[1] What might the animals want to communicate via 
technology? 
[2] How would animals  normally express themselves using 
signals? 
[3] How could technology support the design of playful 
systems that would engage both species? 
 
To help participants collaborate and ideate on these tasks online, 
a combination of Zoom [90] and Miro [56] was used. Miro is an 
online multi-user whiteboard (Fig.1). In this workshop space, 
participants worked in teams around virtual tables with access to 
drawing materials and media uploading. The event was facilitated 
and documented by participants and facilitators throughout the day 
using Miro’s digital post-it notes.    
Following the World Cafè method, participants gathered in 
randomly allocated small groups around tables (in the Miro virtual 
space) and worked on the proposed context for that table. After a 
specific amount of time (12 minutes), all participants except one on 
each table were asked to move on to the next table. The remaining 
participant welcomed the newcomers to that table and explained the 
discussion held in the former round, as well as clarifying the ideas 
and notes left on the table. The new group on each table then started 
elaborating on previous concepts or creating new ideas. In this way, 
all participants shared in the ideation process. 
Following the ideation period, and drawing from their 
discussions, participants shared their thoughts about the 
opportunities and challenges afforded through tech-enabled playful 
communication systems. This was achieved by inviting members 
of the workshop to contribute using the Mentimeter app [54], which 
enabled simultaneous anonymous feedback from the group 
presented the results as a word cloud (Fig. 9 & 10), so that everyone 







Figure 1: Screenshot from Miro Board used as workshop space 
 
 
The next part of the workshop involved reflecting on these 
themes in relation to the co-created designs. It became clear that 
ethics were of paramount importance, rather than technological  
provision, and that both opportunities and challenges were strongly 
connected to power and autonomy. We focused on these topics 
during a group discussion, by addressing the following questions: 
 
• How can we design for equality with two animals whose 
play is mediated through technology?  
• What does appropriate play look like for two animals 
using computer systems?   
• What are the key ethical issues that come up when we 
build systems to support interspecies play? 
 
The outputs of the discussions are explained in 4.2. Looking 
Forward: Topics for Reflection. 
 
4 Workshop Outputs and Discussion 
This section describes the speculative outputs arising from the 
ideation session and discusses the reflective outputs collected from 
participants during the event.   
We present seven speculative designs, created by small teams 
in response to the brief they were given – to imagine a future playful 
scenario that would engage two different species to interact with 
each other (4.1).  At the time of creating the speculative designs, 
during the event, no constraints were used in the ideation, so the 
designs could be provocative and controversial.  These designs 
were subsequently shared with all the participants and used to 
provoke insights during the reflective discourse that followed (4.2).  
 
 
4.1  Speculative Designs 
 
Figure 2: #1 Chase-Prey, with calf and wolf cub. 
#1 Chase-Prey consists of a vest and collar combo worn by a 
cow and a collar worn by a wolf.  The wearables facilitate the 
animals to play chase together. Designed to be used by young cows 
and wolf cubs, this technology senses when a cub catches a calf, 
with the vest providing protection to the caught prey. The wolf 
collars warn the wolves if they are biting too hard, while the cow 
collars protect the cows’ necks. This technology can also be used 
with adult animals but only if they are habituated with each other. 
The goal of this technology is to facilitate social learning and 
playing. 
 
Figure 3: #2 Flutter-Catch, with butterfly and dog. 
 




#2 Flutter-Catch consists of a vest for a dog with brightly lit, 
coloured flowers on the external surface and corresponding haptic 
feedback actuators on the inside next to the dog’s body. A butterfly 
has to seek the flowers and steal the nectar, which causes the vest 
to vibrate under the flowers and the dog to ‘lose a point’. The aim 
of the game is for the dog to keep as many points as possible by 
protecting the flowers, while the butterfly aims to steal their loot.  
 
 
Figure 4: #3 Parrot-and-Dog-Seek, with parrot and dog. 
#3 Parrot-and-Dog-Seek is an augmented reality game such that 
a parrot's whistles are remotely signaled to a dog, to help direct the 
dog to hidden toys and food items in their vicinity. The dog can 
remotely see the parrot in AR and the parrot has access to a 
soundboard in case she wants to use sounds she cannot produce. 
The aim of the game is to cooperate in finding all the hidden items 
together remotely but collaboratively. 
 
 
Figure 5: #2 Chains-of-Joy, with goldfish and wild boar. 
#4 Chains-of-Joy invited a fish in a bowl and a wild boar to play 
with each other through remotely wiggling a chain. When either 
animal wiggles their chain to start the interaction, the movement 
triggers an augmented reality image (e.g. hologram) of the other 
animal (captured through cameras). It also triggers the other 
animal’s chain to wiggle back, allowing for a tug and movement 
game.  
 
Figure 6: #5 Bionic-Tail, with dog and kitten. 
#5 Bionic-Tail facilitates play between an adult dog and a kitten. 
It is inspired by the natural behaviour of cats who attack moving 
objects and sometimes play with real tails belonging to real dogs, 
without understanding the possible injury that can occur. The 
wearable Bionic-Tail allows the dog to play with the cat without 
experiencing stress or pain and is controlled via a non-invasive 
brain-computer interface. In consideration of the different energy 
levels of the participants, the Bionic-Tail comes with a setting to 
autonomously mimic play/prey behaviour that can operate when 
the dog is taking a nap. These autonomous movements start off fast-
paced and incrementally slow down based on the number of 
contacts with the cat.  
 
  
Figure 7: #6 Capture-the-Ball, with dolphin and octopus. 
#6 Capture-the-Ball is based on the game ‘capture the flag’, 
since both species are involved in object play - with dolphins 
having been observed playing tag with seaweed [38, 79]. There are 
two identical objects, one placed within each tank, and players are 
rewarded with food treats for scoring points. They achieve this by 
quickly reaching the ball and carrying it towards a designated goal 
post. The animals compete against one another, although play 
involves no physical contact between the players, to avoid 
aggression. The paired robotic balls contain accelerometer and GPS 
sensors which wirelessly direct the motor of the paired ball to 
relocate. 
 
Figure 8: #7 Rolling-Ball, with wild boar and feral cat. 
#7 Rolling-Ball: This is a foraging and hunting game that takes 
advantage of both species' tendency to hunt rodents and participate 
in play hunting as juveniles. Through a built-in camera and facial 
recognition software, the ball autonomously travels through the 
city, seeking out feral boars and cats. Once they are identified, it 
entices them to approach by releasing food pellets, then rolls away 
to encourage playful chasing behaviour. Similar to hunting, the 
objective of the game is to catch the ball. Once contact is made 
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(through attacking), the ball will release more food pellets and 
continue to attempt to ‘escape’. This will go on until all the food is 
depleted. Additionally, with a built-in GPS, the ball can decrease 
human-to-wildlife conflict through redirecting wildlife found 
within high-human traffic areas towards predetermined sites. 
4.2 Looking Forward: Topics for Reflection 
As a starting point for reflection around our theme, we 
attempted to categorise technology-supported communication 
between animals into distinct types. Intent was initially an 
important aspect of the categorisation, because it is dependent on 
whether the animal (human or non-human) understands the full 
context of the scenario. However, the complexities of real-life 
communication with or without technology meant that it was 
impossible to configure discrete types that fitted every situation. In 
reality, when signals are transmitted intentionally, others may also 
be transmitted unintentionally – for example, amongst humans, 
body language and pheromones can communicate information that 
participants in a conversation acquire unconsciously.  
 
Figure 9: Motivations for animal-to-animal communication. 
 
Figure 10: Ways in which technology supported animal-to-
animal speculative designs. 
The sample designs featured in the previous section give an 
indication of the types of random challenges presented and the 
ensuing concepts. In response to the Mentimeter questions asked 
after the World Café design session during the workshop, food and 
play were conceived as the most common motivators for signaling 
(see Fig. 9), while the range of technologies required for enabling 
play was broad and varied (see Fig. 10). 
In some cases, technology was used to enable and enhance the 
communicative aspect, which was part of a deliberate exchange 
between the species. In other cases, the conversational aspect was 
omitted, and the focus was on how playful behaviour might 
facilitate a different form of communication, via a technology 
bridge. This highlights an aspect of interspecies play requiring 
clarification – the relative cognizance of the participants.   
One-way communication involves a signal being transmitted by 
one animal and perceived by another but initiates no response from 
the perceiver. Tracking devices on animals, for example, collect 
data that is transmitted (in real time or periodically) to a human, but 
the animal has no knowledge of this transaction. The human, who 
initiated the communication in the first place by attaching and 
starting the device, does not reply. The same tracking device may 
inadvertently be sending a visual signal which differentiates the 
wearer from other individuals [47, 64]. Depending on the species 
involved and on the device design, this may alter social 
interactions, attract predators or alter the wearer’s movements. 
Similarly, humans may send signals without realising or 
intending to do so, and sometimes these involve the use of 
technology. For example, the sound, smell and vibration of an 
approaching vehicle is a clear signal to any animals in the vicinity 
- perhaps indicating danger to a hedgehog or a deer. The smell from 
a camping stove, on the other hand, might alert possums to the 
nearby availability of human food. Humans also deliberately design 
systems that send signals to animals, such as electric fences to ward 
off intruders. A more friendly example is a tag embedded in a cat’s 
collar, which triggers her cat-flap to open when she approaches. We 
note there is no conversation here, even though the flap responds to 
the tag. The cat is merely attending to her business and the flap 
opens, sending a signal that the route is clear. 
Two-way communication is a form of conversation that requires 
transmission, perception and response from both participants. An 
example of this is the situation where a farmer uses a whistle to 
instruct a working sheepdog. Both parties are engaged in the 
exchange - the dog responds to the farmer physically and is 
perceived visually, while the farmer responds to the dog with an 
audio signal that she can hear. This is a conversation with clear 
intent from both parties. Moreover, both farmer and dog are aware 
of the landscape and the sheep, albeit from different perspectives. 
By contrast, in a domestic situation where someone is playing with 
a companion animal, such as a cat, with a laser pointer device, the 
device signal (moving light) is geographically distanced from the 
device controller (human) and the animal may be unaware of 
human participation. In this case, the response (chase and pounce) 
is intended by the animal for the device, but it is really the human 
who replies, by controlling the light for the animal.  
Yet another dimension might be if a human were to be a hidden 
participant in an exchange between two non-human animals, 
observing and collecting data. In a captive situation, when novel 
enrichment devices are introduced into shared enclosures, members 
 




of the same species may interact with each other and the device - 
for example, orangutans at Melbourne Zoo played together with a 
Kinect-enabled projected interface and their interactions were 
monitored by human researchers [85]. There has been less 
exploration of how communication could be mediated between 
different non-human species through using technology.   
We suggest that in all these technology-enabled situations, a 
human is necessarily one of the participants (as sender or perceiver 
of signals, as designer or controller of technology) [71]. In our co-
created examples, the human was the designer, and potentially also 
a perceiver, observing the results. The following sub-sections 
discuss the issues surrounding ethics and power dynamics relating 
to the technology-enabled interactions that were examined during 
our discourse. 
4.2.1 Equality 
What does equality look like in the context of two animals 
playing together? Is it possible to offer similar experiences, shared 
goals, equal opportunities? Does a shared sense of trust combined 
with guaranteed safety mean that a relationship is equal? Or is it 
about agency and having an equal amount of control? Rather than 
providing answers, our speculations gave rise to questions.  
The answers to these questions may depend on context, such as 
whether the play occurs between members of the same or different 
species. Within the same species, there will always be inequalities, 
for example due to age, experience or position in a hierarchy. 
However, players are already able to communicate because they 
have evolved the same communication structures to understand 
each other, and restraint is often shown by stronger players so that 
the game can continue, suggesting that play is more rewarding than 
dominance during a game[67].  Our focus was on issues pertaining 
to interspecies communication, using play as the motivator for 
signal exchange between participants. There are many examples of 
species that have evolved to understand other animals’ signals; the 
dogs and gazelles mentioned earlier are a case in 
point.  Evolutionary game theory (EGT) [51] explains the 
development of such interspecies communication strategies as 
evolved responses to the challenge of maintaining healthy 
populations within a conflict situation.   
The predator-prey scenario, #1 Chase-Prey, generated concerns 
regarding power dynamics. It was felt that the prey species in the 
pair would always be at a psychological disadvantage.  Even with 
protection, the presence of the wolf would be threatening, and the 
calf would respond instinctively to the wolf’s smell. It was not clear 
whether a winning strategy could ever be adopted by the calf - 
rather than mediating play through the technology, the design 
seemed to evoke an intense hunting experience. In #2 Flutter-
Catch, the situation differs. Although the dog is a natural predator, 
butterflies are not its natural prey and they also inhabit a different 
realm most of the time (in the air). It was presumed that the 
butterflies would interact primarily with the jacket, as a mobile 
food source, while involuntarily providing visual signals to the 
dog.  Meanwhile, the dog might bark at them, which would be a 
clear signal to which they might respond, but it would have no 
control over providing the nectar as this is an intrinsic part of the 
jacket, determined by the human designer.  In many ways, the 
experience of the dog in the jacket is similar to that of the calf, 
lacking agency and constantly under attack (albeit from butterflies 
not wolves). 
Power can be represented as having control in a situation - the 
ability to make choices and enact them. A hallmark of playful 
behaviour is the consent given by players, who willingly enter the 
game while simultaneously knowing they can choose to leave at 
any point [35, 66]. But how can we understand the volition of 
another species? For example, do companion dogs really want to 
play fetch, or are they just trying to please their human carers? Who 
is in control of this game? What agency does the dog have, other 
than to run in the direction of the ball (thrown by the human) and 
bring it back? As in #1 Chase-Prey, there is usually a clear 
hierarchy of power, with the human in charge, as they choose when 
to start or stop the game. 
Another example of a game with an obvious hierarchical 
structure is #3 Parrot-and-Dog-Seek. As it is said (and variously 
attributed), ‘knowledge is power’. In this design, the parrot has 
access to hidden knowledge and uses audio signals to modify the 
dog’s behaviour. The dog has agency on the ground and relies on 
support from the parrot. It seems as if the parrot is in charge here, 
while the dog must be both reliant and obedient in order to obtain 
any rewards. In relationships between humans and other animals, 
humans are usually the ones with the most comprehensive 
knowledge, even when depending on the skills and perceptions of 
animals in a working partnership. 
Summary 
Equality: Power dynamics; Predator-prey conflict; Having 
personal control (enacting choice); Consent; Possession of 
knowledge; Hierarchy - being in charge. 
4.2.2 Appropriate Play 
We have explained how consent, agency, shared knowledge and 
understanding of hierarchy amongst players can contribute to an 
equitable playing experience. However, we felt that there are other 
dimensions of play that should be addressed in the context of 
animals, relating to the non-human species’ experiences of 
pleasure, their motivations and their behavioural tendencies [63, 
30].  
Linked to the principle of consent is the intrinsic reward 
associated with play; playful behaviour continues because of the 
pleasure associated with the experience [22]. There are many 
reasons why play might be a rewarding experience, some of which 
are explored in our designs. Design #4 Chains-of-Joy describes a 
scenario where technology facilitates sending signals from one 
species to another, enabling different but essentially equal 
experiences. We do not know whether a boar and a fish could 
comprehend each other in reality, far less augmented reality, since 
they inhabit different ecosystems. It seems likely that there is no 
concept ‘boar’ for a fish. Nonetheless, in each case, the animal is 
playing with a chain that provides acoustic, tactile and visual 
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feedback. The advantage of playing together, even if they are 
unaware of the fact, is that the chain movement is not programmed 
to a schedule nor randomly activated, but instead linked to the 
behaviour of the other player. Therefore, it is probable, if not 
assured, that a wiggle will receive a response. Moreover, the toy 
moves independently as well as being flexible, thus offering 
exciting performative aesthetics such that ‘action enables sensory 
perception and sensory perception informs action’ [24].   
Both #6 Capture-the-Ball and #7 Rolling-Ball include 
technology that offers kinaesthetic feedback through the use of 
autonomous robots. Design #6 Capture-the-Ball is presented as a 
competitive game, but with no physical contact between players, 
since the designers have anticipated that the game might lead to 
aggressive behaviour. Competition is a strong motivator in human 
games, but we are usually able to restrain ourselves and adhere to 
rules that frame symbolic wins and defeats. Rough and tumble 
games amongst non-human animals often follow similar patterns, 
avoiding conflict and promoting social behaviour, which is widely 
acknowledged to be beneficial to animal welfare [67]. Design #5 
Bionic-Tail promotes natural behaviour in the kitten player through 
its mobility, although it undermines the usual dynamics in a 
situation where a cat attacks a dog, by not only permitting but 
actively encouraging the cat to pounce. This behaviour may be 
instinctive and natural for a cat, but should we be facilitating 
aggression, and to what end? As we have suggested earlier, a 
similar problem occurs between players of #1 Chase-Prey, although 
the suggested technology is static and does not in itself exhibit 
aesthetic properties pertaining to kinaesthetic feedback.  
It should be noted that there can be negative consequences to 
repeatedly having a pleasurable stimulus. As with humans, 
addictive behaviour has been documented in non-human animals 
in relation to specific drugs, such as heroin and cocaine [41, 52]. 
But humans are also susceptible to behavioural addiction – for 
example, gambling, which offers the potential for a reward with 
every risk taken. In 2018, the World Health Organisation (WHO) 
recognised ‘gaming disorder’ as a serious medical condition for 
humans [88].  
As a case in point, the autonomous ball that drops food pellets 
in #7 Rolling-Ball could easily become a focal point for the wild 
animals. Food is a very strong motivator for wild animals, having a 
direct link to fitness. The design might achieve its aim of easing the 
conflict with other inhabitants in a city designed as human living 
space, but at what cost to the feral boars and cats? They might lose 
their natural foraging and hunting skills to the detriment of their 
health outside the city. They might also be distracted by chasing the 
ball such that they are more prone to predation from other feral 
animals. Moreover, the competition for resources associated with 
#7 Rolling-Ball could easily lead to aggressive behaviour, which is 
not appropriate in play.  
There is another potentially negative outcome of competition, 
involving the emotional responses of the players. Emotions are as 
much a part of a playful experience as physical capabilities and 
cognition, yet it is hard to understand psychological motivations 
and emotions in other humans, far less other species. Companion 
animals might be the exception, because dogs (for example) are 
very adept at letting humans know their feelings, since we have co-
evolved as species. However, not all animals have this ability, nor 
are humans necessarily able to make appropriate judgements. 
Consider design #6 Capture-the-Ball, which pits a dolphin against 
an octopus. They inhabit the same medium, and can see each other, 
but presumably have no olfactory perception of each other since 
their enclosures are separated. This game also specifies food as a 
reward for beating the opponent, so we might expect the pressure 
to win to be stressful, since food is critical for survival. Losing the 
game multiple times could cause negative emotions such as shame, 
resentment, sadness, anger and despair [5].   
By contrast, the cooperation described in #3 Parrot-and-Dog-
Seek suggests that this game would be a positive example of 
interspecies communication being used to fulfil a shared goal. 
Games can therefore be appropriate vehicles for engendering a 
sense of purpose, as the goals are small and regular. Animals 
maintained in human care may understandably find themselves 
lacking purpose compared to their wild counterparts, who spend 
their time concentrating on survival.   
The parrot and dog scenario also highlights another component 
of games - namely, the mechanisms that enable play to take place. 
How might the dog and the parrot learn the rules in order to play 
effectively? Learning in itself is a highly motivating and 
unavoidable attribute of any playful experience. It is advantageous 
to players to be learning new skills and gaining knowledge about 
other players. There are two distinctly different paradigms: (i) 
learning via training; (ii) learning through experimentation - trial 
and error. One school of thought considers that training (by 
humans) is the most efficient way to enable the animals to achieve 
their aims and thereby benefit from the rewards offered by the 
intended experience. Moreover, successful training (for example, 
with working animals) is an example of interspecies 
communication, when the human manages to teach the non-human 
to understand their signals. The other perspective is that learning 
independently, for example through exploration or by copying 
peers, although usually much slower, is empowering, fosters 
confidence, and perhaps enables a deeper understanding of a 
complex system. Both methods have advantages and can be 
deployed to enable playful technology.   
The idea that learning can be an important part of enrichment is 
implicitly included in Coe’s recent five ‘Cs’ proposal [12],  which 
complements the Five Domains model (nutrition, environment, 
health, behaviour and state of mind) developed to assess welfare in 
1994 [53]. The five Cs are control, choice, challenge, change and 
competency, in recognition of the need to give animals agency, 
cognitive stimulation, variety and a sense of personal 
achievement.  
Having a personal response to a situation reminds us that 
animals are individuals, with preferences and competencies that 
differ from being to being, not just from species to species.  A one-
size-fits-all approach to technology fails to address the multiple 
variations within an intended user group, exemplified by the 
popularity of customisable game design elements in games for 
 




humans - e.g. ability to alter characters, to control features or to 
adjust difficulty.   
One of the possible disadvantages of designs that use an 
interface between participants, such as #Parrot-and-Dog-Seek, #4 
Chains-of-Joy and #6 Capture-the-Ball, is that immediately a 
critical sense of perception is lost - the sense of smell. Olfactory 
signals have been described as the most honest ones [89] because 
they cannot be faked - all animals unintentionally exude smells, and 
scent is one of the clearest ways that aspects of fitness (health, 
mating potential) are communicated between individuals, including 
responses such as stress.  
Summary 
Appropriate play: Intrinsic reward (not food); Pleasure  - 
aesthetics, sensory modalities; Competition v. cooperation; Social 
behaviour; Aggression; Addiction; Distraction; Emotions; 
Cognition and learning -  new skills, acquiring knowledge, gaining 
achievements, in-game goals; Individual preferences. 
4.2.3 Ethical Issues 
We have suggested which factors of play might be most 
appropriate for humans to target in their designs, and which might 
be better avoided. Our speculative designs also highlighted other 
aspects of technology-supported systems for animals that deserve 
the consideration of future designers. 
A pertinent consideration is the inclusion of a points system 
within the #2 Flutter-Catch game, which seems to be an example of 
anthropomorphic design.  Are the points really for the insects to 
collect, or are they a way to gamify spectator sports for humans? 
How could the butterflies possibly understand? In a similar fashion, 
#6 Capture-the-Ball imposes a human predilection (balls to goals) 
on octopuses.  Godfrey-Smith states that ‘the minds of cephalopods 
are the most other of all’ [26], explaining how their nervous system 
is distributed throughout their body and arms, rather than located in 
a single brain organ. As such, the octopus might be an excellent 
example of embodied cognition – the idea that the intelligence of 
the animal comes through its physicality within its environment. 
There is little doubt that an octopus is physically capable of 
manipulating a ball to a target, but at present, the perspective of the 
cephalopod remains mysterious. 
There is an argument that all these human devices aimed at non-
human animals are at best frivolous and at worst, meddling with 
natural behaviour. Enrichment programs for captive animals should 
always specify clear goals for any intervention, as specified in the 
S.P.I.D.E.R. framework [1], and those goals should be to enhance 
the animal’s welfare by facilitating the expression of natural 
behaviours. However, the use of computers to enhance this 
endeavor has recently been endorsed by animal experts, since 
technology can supersede natural features as a way to stimulate 
natural behaviour in a captive setting [13, 50].  
As mentioned, there are guidelines for the management and 
welfare of zoo-housed animals; indeed, AZA Accreditation [2] 
exists to ensure high standards within participating institutions. 
Moreover, in some countries, there are animal protection 
regulations in place that target specific groups of animals in our 
care [e.g., 18, 20, 80, 81]. Excluding farmed animals, the animals 
arguably the most at risk from poor caregiving are companion 
animals, whose living arrangements are rarely supervised. There is 
an increasing interest and trend to invent touchscreen devices for 
human caregivers’ homes to occupy companion dogs, by 
challenging their mental capabilities [58] or communicating 
remotely with them when the caregivers are not at home. This field 
is a mixed blessing, since it is tempting to communicate with a 
beloved pet while away, but on the other hand, the devices could 
mislead caregivers into believing that it is acceptable to leave their 
pets home alone for long time periods. The design #5 Bionic-Tail 
came under scrutiny in case it was intended as a home-alone 
entertainment device and brought the challenge of regulating ‘pets 
and their caregivers’ into focus. 
To return to farmed animals, we appreciate that the challenges 
to welfare are currently hard to solve due to financial restrictions 
and growing demand from consumers, who show conflicting 
perspectives towards intensive farming. Although many farmers 
are willing to enrich the experiences of their livestock, this has to 
be done with sustainable effort and cost. However, there does seem 
to be a gradual cultural shift towards animal welfare and alternative 
forms of farming, which brings hope for progress in this area. 
Summary 
Ethics: Anthropomorphism; Enrichment goals; Natural 
behaviours; Legislation and regulations; Categories of animals – 
companion, farmed, zoo and refuge, working, wild. 
5 Conclusions 
In our workshop, play was chosen as the paradigm for 
exploring interspecies communication because it seemed to be both 
innocuous and apt – non-threatening, voluntary, autotelic – a 
universal barrier-breaking phenomenon. Speculative Design 
proved to be a useful tool for provoking ideas and framing 
discussions around this theme, which revealed some of the 
underlying dynamics in tech-enabled ‘playful’ exchanges, as well 
as highlighting the importance of existing work on ethics. Our 
discussions broadly encompassed three areas – equality, 
appropriate play and ethical issues.  
In respect to equality (Section 4.2.1), the predator-prey game 
#1  Chase-Prey became a metaphor for the relationships that 
humans currently have with non-human animals, directly and 
indirectly (via technology).  Humans are always the top predator in 
every engagement, and this knowledge, whether conscious or not, 
underpins every transaction that takes place between humans and 
other species. It may therefore be difficult to form equitable 
relationships with non-human animals, should we wish to do so. 
Nevertheless, we argue that as part of a duty of care to the under-
represented and under-privileged in our world (in this context, non-
human animals), humans should start listening a bit more. 
One intriguing outcome of interspecies communication 
research is the possibility to develop ‘translating’ devices that 
enable humans to instantly interpret the meaning of animal signals 
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and behaviours, thus moving us into the role of listener. While 
some research is moving towards this possibility (e.g. CHAT, an 
underwater acoustic apparatus able to match dolphin whistles with 
corresponding English words [31]; interpretations of dog [75] and 
pig tail movement [10]), understanding how non-humans transmit 
and perceive signals, and crucially what those signals mean, 
remains a huge challenge. It is both a wicked problem (for how can 
we assess another being’s subjective experience? [15, 17, 42]) and 
it is a fundamental step for any respectful interspecies engagement; 
in other words, engagement that takes into account the specific 
communicative modalities of the other species. Moreover, it is 
impossible to design playful technology that supports two different 
species to communicate without first having some understanding of 
each species’ signaling behaviours and intentions.  
Appropriate play (Section 4.2.2) highlighted the potential 
benefits associated with playful tech, and also some of the risks, 
such as aggressive or addictive behaviour, or experience of 
negative emotions.  
Contemplating the speculative games underlined the 
importance of making informed design decisions, grounded in 
knowledge of species-specific characteristics and expected 
behavioural patterns. As an example, in #2 Flutter-Catch, both 
butterflies and dogs use their sense of smell. However, they have 
evolved to be aware of different scents, and there is a concern that 
a strong nectar odour might inhibit the dog’s normal olfactory 
abilities. In future scenarios, we suggest that olfaction should be 
monitored by human moderators of designed interspecies games so 
they can ensure that all players are having an appropriate 
experience. We note that humans currently lack the ability to 
discern or interpret olfactory signals from other animals with 
sufficient understanding, making this an exciting area for future 
research. 
As a general principle, we suggest that designers offer non-
human animals engaging with their technologies a choice of modes, 
controllers, types of feedback etc., informed by their sensory 
preferences, and thereby discover more about the range of variance 
within a species.  
Finally, regarding ethical issues (Section 4.2.3), we direct the 
reader to current legislation that aims to protect those we care for 
in our digital society. In regard to interaction design, the new UK 
Children’s Code (age-appropriate design code) [26] falls under the 
UK Data Protection Act 2018. It aims: ‘to ensure that children 
have a baseline of protection automatically by design and default, 
so that they are protected within the digital world rather than being 
protected from it.  Should all non-human animals everywhere be 
protected by legislation that ensures they are treated fairly in a 
technologically enhanced environment?  How could this be framed 
so that it encompasses companion animals, farmed animals, 
laboratory animals, working animals and the range of captive 
animals we maintain in zoos, sanctuaries and wildlife centres? And 
what about the wild animals that are already affected by human 
technological interventions? 
We look forward to future reflections and discussions on these 
and other associated topics. As we seek to learn more about other 
species and support their welfare, in both wild and captive settings, 
investigating how to design species-specific technologies can bring 
us a step closer to understanding our non-human users. We hope 
this paper will inspire designers and researchers to consider some 
of the issues we have raised in relation to their projects. 
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